Chapter 13 - Phonons
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electrons. In order to explain this, one has to assume that atoms (or ions) are still located at lattice points R of the
Bravais lattice, but allowed to be displaced from their equilibrium sites by a small amount. Due to force acting on
these atoms, they will tend to return to their equilibrium positions, resulting in lattice vibrations. Due to interactions
between atoms, various atoms move simultaneously, so we have to consider the motion of the entire lattice.

We will derive the theory of the lattice vibrations by using following two assumptions:

* The ions are located on average at the Bravais lattice points R. For each ion, one can assign a lattice point around
which the ion vibrates.

* The deviations from the equilibrium R are small compared with the interionic distances,
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13.2 Vibrations of a Classical Lattice

13.2.1 Classical Vibrations in One Dimension

Consider a one dimensional chain of ions of mass M sitting at equilibrium distance g connected by springs of
constant K, as shown in figure. There are N ions, and the total length of the chain is L = Na. let us assume that the

last atom is connected to the first atom to form a ring. This is important to satisfy the periodic boundary conditions

L:/\/a

and to make sure that the environment of each atom is equivalent to each other.
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Phonon Specific Heat 2

10~ b Einstein formula
&1 Einstein data

— Debye formula
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m- Define the dimensionless specific heat function for the Debye model in 3D#)
CvOver3NkB[TD , T ] :=3x (T/7TD) *3xNIntegrate[ (x4 *Exp[x]) / (Exp[x] -1)*2, {x, 0, TD/ T}]

{*Set the Debye temperature (adjusit as neaded)s)

TD = 200; {sExample:Debye temperature in Kelvinw)

{#Plot the specific heat for a wider temperature range to see the high~T limitw)
Plot[CvOver3NkB[TD, T], {T, 0.1, 500}, {#+Extended temperature range to T>>8 D)
PlotRange - {0, 1.1}, AxesLabel » {"Temperature (K)", "C V / (3N k B)"},

PlotLabel -» "Debye Model: Specific Heat of a 3D Solid",

LabelStyle » Directive[Black, Bold, 20], PlotStyle -» Thick, GridLines - Automatic]
Debye Model: Specific Heat of a 3D Solid
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